Neutral kaons provide one of the most sensitive system to CP and CPT violation. Tests on CP, CPT and quantum mechanics have been performed at KLOE operating at the DAΦNE e + e − collider. Results on the quantum interference in the channel φ → KSKL → π + π − π + π − , the measurement of the BR(KL → π + π − ) and the related CP violating parameter ǫ are presented. Using the Bell-Steinberger relation, CPT violating parameters have been also obtained.
Introduction
The KLOE detector operates at DAΦNE, an e + e − collider working at the center of mass energy W ∼ m φ ∼ 1.02 GeV. The φ mesons are produced essentially at rest and decay to K S K L (K + K − ) ∼ 34% (∼ 49%) of the times. The K mesons are produced in a pure J P C = 1 −− coherent quantum state, so that observation of a K S in an event signals (tags) the presence of a K L and vice-versa: highly pure, almost monochromatic, back-to-back K S and K L beams can be obtained. Moreover K S and K L are distinguishable on the basis of their decay length: λ S ∼ 0.6 cm and λ L ∼ 340 cm. The KLOE experiment is designed to exploit the unique feature of a φ-factory environment 
Test of quantum mechanics (QM) can be performed by studying the time evolution of the quantum correlated kaon system, in particular studying the interference pattern of the decay
According to QM, the distribution of the difference of the decay times I(∆t) of the two kaons shows a characteristic destructive interference which prevents the two kaons from decaying into the same final state at the same time. As suggested in ref. 3,4 , a simple way to parametrize a possible deviation of QM is to introduce a decoherence parameter ζ S,L (ζ S,L = 0 in QM) as follows:
Selecting a pure sample of fig. 1 .
The number of K L → π + π − is obtained from a fit to the E 2 miss + |p miss | 2 distribution, where E miss is the missing energy in the hypothesis of K L → π + π − decay and p miss is the missing momentum, with a linear combination of Monte Carlo distributions for
events, inclusive with respect to final-state radiation. The number of signal events has been normalized to the number of K L → πµν, in order to minimize systematic uncertainties on the tagging and tracking efficiency evaluation (exploiting the similar topology of the decays as well as the momentum overlap). Correcting for the tagging and tracking efficiency and using the BR(
The result is in good agreement with the measurement of KTeV 5 (1.975 ± 0.012) × 10 −3 and in strong disagreement with that reported by the PDG 6 , (2.090 ± 0.025) × 10 3 . This result can be used to determine |η +− | and |ε| correcting for the small contribution of ε ′ . Using the measurements of BR(K S → π + π − ) and τ K L from KLOE 9,7,8 , and the value of τ K S from PDG 6 and subtracting the contribution of the photon direct emission 10 to the value of BR(K L → π + π − ), we obtain: |η +− | = (2.219± 0.013)× 10 −3 . Finally, using the world average measurement of Re(ε ′ /ε) = (1.67 ± 0.26) × 10 −3 , and assuming equal phases between ε ′ and ε we obtain |ε| = (2.216 ± 0.013) × 10 −3 , in disagreement with the value |ε| = (2.284 ± 0.014) × 10 −3 reported in ref. 6 . The value of |ε| can be can be compared with the prediction 11 |ε| = (2.875 ± 0.455) × 10 −3 where to test the mechanism of the CP violation in the Standard Model, the value of |ε| has been computed from the measurement of the CP conserving observables: ∆m d , ∆m s , V ub , and V cb . No significant deviation from the Standard Model prediction has been observed.
Bell Steinberger Relation
The most powerful test of CPT invariance in the neutral kaon system is presently obtained by means of the Bell-Steinberger relation 12 , which relates CPT and CP violating parameters, Im(δ) and Re(ǫ), to the decay amplitudes of K L and K S into the same final state:
where φ SW is the superweak phase, defined by tan φ SW = 2∆M/(Γ S − Γ L ). For the determination of the α f parameters, experimental inputs are K L and K S branching ratios, the relative phases between the amplitudes, and the K L and K S lifetimes, τ K S and τ K L . We use the value of τ K S reported by the PDG 6 and τ K L from KLOE average 7,8 and the following measurements:
• the new KLOE measurement of BR(K S →π + π − ), BR(K S →π 0 π 0 ) from ref 9 which enters in the evaluation of |α +− | and |α 00 |,
• the average between the BR(K L →π + π − ) here presented and that measured by KTeV 5 , used to determine |α +− |,
• the measurement of BR(K L →π 0 π 0 ) from KTeV 5 , used to determine |α 00 |,
• the values, φ +− and φ 00 , of the phases of α +− and α 00 , taken from the PDG 6 fit without assuming CPT symmetry,
• the measurement of the CP conserving direct component contribution to the process K L →π + π − γ from ref 10 and the upper limit on the direct component contribution to the process K S →π + π − γ 6 , both entering in the evaluation of α +−γ ,
• the recent KLOE upper limit on the BR(K S → π 0 π 0 π 0 ) 13 , which constraints the value of |α 000 |,
• the measurement of the BR(K S →π + π − π 0 ) reported in the PDG 6 ,
• the recent KLOE measurement of the semileptonic K S charge asymmetry A S 9 , which allows to calculate the semileptonic contribution α kl3 = 2τ K S /τ K L B(kl3)((A S + A L )/4 − iIm(δ) + Im(x+)), being x+ the parameter describing the ∆S = ∆Q violation in the semileptonic decays. Im(x+) has been determined from a combined fit of A S with the semileptonic time dependent decay rate asymmetry measured by CPLEAR 14 . The semileptonic K L charge asymmetry A L has been taken from the PDG 6 .
